Some Mixed Boundary Value Problems Arising In Viscous Flow Theory by Manna, Durga Pada
PREFACE 
The treatment developed in this thesis is based entirely on the 
linearised form of the equations of fluid motion which result out of 
omitting the inertial terms from the Navier-Stokes equations The object of 
this thesis is to study some mixed boundary value problems arising in 
different physical phenomena, especial ly in low Reynolds number fluid 
dynamics, by using certain new analytical and numerical methods 
The thesis consists of five parts, namely A, B C, D, and E containing 
nine chapters Part A consists of two chapters, of which chapter 1 provides 
a general introduction to the subject of the present work while the various 
mathematical results and concepts that have been used throughout the work 
are available in the chapter 2 on "Mathematical preliminaries" The 
remaining chapters are concerned with the specific problems investigated by 
us Each chapter begins with an introduction and the brief survey of the 
literature relevant to the problem considered and the contribution made by 
the author are given References are listed in the alphabetical order at 
the end of the thesis Figures and tables relevant to each chapter are 
presented at the end of the chapter The mathematical formulation of the 
problem, the analysis and the method of solution are discussed in each 
chapter 
In real world many particles are irregular i h  shape and do not possess a 
shape which is amenable to expressions in a simple coordinate system The 
study of the problems arising due to the irregular shape of particles are 
also important for mathematicians We devote the chapters 3 and 4 for the 
problems involving such irregular bodies Chapter 3 is concerned with a 
mixed boundary value problem occurring in electrostatic problems involving 
a nearly circular disk The method involves the utility of Green's 
second identity, Abel's integral equations and their inversions, along with 
a suitably designed perturbation scheme involving the small parameter r 
(>O) occurring in the geometrical representation of the boundary of the 
nearly circular disk In chapter 4,  we consider a special kind of flow 
(known as Sampson flow) of a viscous incompressible fluid through a nearly 
circular hole placed in a rigid infinite plane wall The flow is assumed to 
be pressure-driven creeping one and the hole is taken to be nearly circular 
in shape instead of it being exactly circular as has been considered by 
earl ier workers We have used the general Green's function technique which 
generalizes the existing dual integlal equation approach that is applicable 
to the exactly circular hole problem The numerical results of mass flux 
through the nearly circular hole for various values of the parameter c are 
given in the form of a table 
Chapter 5 deals with the detailed study of the problem of the 
pressure-driven creeping incompressible viscous flow perturbed by the 
vertical translation of two equal thin circular disks placed on either side 
of a horizontal plane infinite wall with a circular hole in it This 
general izes the problem treated by Davis ( 1991a), where only one 
translating disk has been considered We have solved the more general 
problem by using dual integral equations, Abel's inversion, Hankel 
inversion and some useful results on Bessel functions The mass flux 
through the hole and the drag ex~rted by the fluid on the disks are 
evaluated both analytically and numerically and the computed results are 
presented in tabular forms Known results for the particular cases are 
obtained 
t h e  polutlon of 
Chapter 6 provides a slowly and steadily rotating disc problem in a X 
bounded fluid whose surface is contaminated with a thin surfactant layer 
We have adopted the method of eigenfunct ion expans ion and the collocation 
method for its solution which is more simpler than the approximate methods 
using dual integrations or full numerical integration or general Green's 
function technique We have found the resistive torque on the disc by 
integrations on the curved and flat boundaries instead of integrating on 
the disc The numerical values for the velocity profiles at the surfactant 
film and the resistive torques are given in the form of graphs and tables 
In chapter 7, we have discussed the problem of slow rotation of a 
circular disc in a cylindrical casing consisting of two different 
(imm~scible) viscous fluids separated by a surfactant film We have solved 
the problem approximately by using a recently developed method of 
eigenfunction expansion and collocation involving the solution of dual 
series relations Assuming the disc to be situated at the top of the 
surfactant-contaminated interface, numerical evaluation of the torque on 
the disc as well as the velocity profile at the interface are carried out 
Known particular cases are observed to give identical results 
For further ongoing study of the above two problems, we have next 
considered the problem of slow rotation of a disc inside a cylindrical 
container filled with two different immiscible viscous incompressible 
fluids separated by a thin planar surfactant layer in the presence of a 
naturally permeable porous medium The treatment of this problem is 
presented in the chapter 8 The disc is assumed to be situated at the top 
of the surfactant-contaminated interface and the permeability of the porous 
medium is assumed to be small We have solved the problem approximately by 
using the same method as described in chapter 7 The velocity profiles at 
the surfactant layer and the torques experienced by the disc , for various 
values of the parameters involved, are evaluated numerically and these have 
been presented by means of graphs and tables Known special cases are also 
discussed 
In chapter 9, we have considered the problem of slow translation of a 
solid sphere towards a nearly flat naturally permeable surface, in a 
semi-infinite viscous incompressible fluid medium By the utility of 
bi-spherical coordinates, ultimately the problem is reduced to two infinite 
systems of difference equations These difference equations are then solved 
numerically and the quantities of practical importance are computed 
numerically and presented in tabular forms The particular case of an 
exactly flat surface follows as a limiting case of the present general 
problem 
